The aim of the study was to evaluate the prevalence of Schmallenberg virus (SBV) specific antibodies in ruminants from 13 Polish provinces, sampled between January 2010 and August 2013. A total number of 1813 serum samples from cattle, sheep, goats, mouflon, wild and farmed cervids, and European bison were tested by ELISA for viral nucleoprotein antibodies. First SBV seropositive animals were identified in August 2012 (1.6%), and the percentage increased gradually, reaching 57.1% in December of this year. The proportion of seropositive animals in 2013 at the level of 34.2% increased tenfold in comparison to 2012 (3.4%), which was particularly significant at the level of individual provinces. In 2013, the highest percentages of SBV seropositive animals were found in Dolnoslaskie (92.3%), Podlaskie (82.3%), and Zachodniopomorskie (80.9%) provinces. Significant associations between the seroprevalence and province of origin, month, ruminant species, and insect vector activity were found, while no dependence of animal age on seropositivity was observed. The differences between SBV seropositive large and small ruminants suggested the involvement of some vector exposure factors, which needs to be further investigated.
Introduction
In August 2011, Schmallenberg virus (SBV) was first identified in Germany and the Netherlands at the outbreaks of unknown disease of cattle. The animals showed non-specific clinical signs such as drop of milk yield, watery diarrhoea, and increased body temperature (11) . The causative agent was identified as a new virus, which belonged to Orthobunyaviridae genus, not yet reported in Europe. The origin of SBV remains unclear; however, a recent retrospective study revealed the presence of SBV antibodies in cattle in Turkey already in 2006, five years before the appearance of the virus in Western Europe (1) . The viruses genetically related to SBV are common in Asia, Africa, and Australia, and they all belong to arboviruses, pathogens transmitted by insect vectors. The SBV vectors are Culicoides spp. midges also involved in the transmission of bluetongue virus (BTV). Ruminants are the most susceptible hosts of SBV infection; however, specific antibodies have been reported in camelids, swine, wild boars, and dogs. The greatest losses due to SBV infection are associated with the malformations, stillbirths, and mortality of the newborns during the first 24 h. The increased fertility problems in cows such as sterility, foetal absorptions, late abortions, which may prolong the intercalving interval, together with a transient decrease in milk yield and moderate diarrhoea may suggest SBV infection. While in cattle the symptoms often remain unnoticed, losses in sheep and goats may be more severe, affecting up to 50% of progeny, which has been also observed in Polish sheep flocks (16) . In spite of many analogies to BTV, SBV spreads faster across Europe (5, 22) , which may be related to the biology of Culicoides spp. or the differences in the virus replication in the vector (14) . The presence of SBV has been reported by EFSA in 25 European countries in May 2013, which included over 8000 herds of cattle, sheep, goats, buffaloes, wild cervids, European bison (13) , and New and Old World camelids (5) . The seroprevalences in cattle and small ruminants reached up to 100%. Similarly to BTV, SBV overwintered in many geographic areas (6, 21, 25) , including Poland, and reappeared again in 2012 and 2013 spreading across the whole continent (5) . While BTV ability to survive the winter has not been explained, the transovarial transmission of SBV in the midges has been suggested (14) . SBV infection in Polish cattle was first reported in August 2012 (15) . The outbreak coincided with the introduction of two French bulls into the herds in Goleniow (Zachodniopomorskie province) and Czestochowa districts (Slaskie province), which were SBV positive during the quarantine. The virus spread within the herds quite rapidly. Forty percent of cattle were infected two weeks after the introduction of the infected bull in the Goleniow herd, while over 90% of the animals in the herd were seropositive few months later. The infections in both herds were asymptomatic. The presence of virus RNA was also confirmed in Culicoides obsoletus, which were caught in August 2012 in Goleniow district, 5 km away from the examined herd (15) .
Additionally to the direct losses in the cattle reproduction, increasing risk of SBV infections resulted in the introduction of new restrictions concerning the trade of live ruminants, their embryos, and semen from the countries where the presence of SBV has been confirmed to the countries free of the disease, including the countries with unknown epizootic situation. Because reporting of suspected cases is not obligatory, the farmers prefer not to cope with any possible veterinary restrictions of the herd if the case is reported, which makes it difficult to assess the current epizootic situation of SBV in Poland. Therefore, the aim of this study was to determine the seroprevalence of SBV infections in wild and domestic ruminants in our country between 2010 and 2013.
Material and Methods
A total of 1813 serum samples from sheep (Ovis aries) (n = 1066), cattle (Bos taurus) (n = 355), freeliving (n = 86) and farm (n = 115) red deer (Cervus elaphus), goats (Capra hircus) (n = 64), European bison (Bison bonasus) (n = 61), farm fallow deer (Dama dama) (n = 56), and farm mouflon (Ovis aries) (n = 10), collected between January 2010 and August 2013 from the 13 provinces, were tested. The domestic ruminants were between six months and 17 years of age. Most samples were derived from BTV monitoring programme in domestic ruminants (n = 1574, 86.8%), while other samples were subjected to the Department of Virology for diagnostic or certification purposes (e.g. involved in BVDV and BoHV-1 eradication programmes). The number of samples collected in the BTV monitoring programme supervised by the veterinary inspection services was estimated for the detection of SBV seroconversion with 95% probability, assuming 20% seroprevalence. The samples were obtained due to the courtesy of the regional veterinary laboratories. All animals included in the study had no history of SBV infection, any SBV suspected cases (such as malformations of the newborns in the seropositive herds with no SBV identification) investigated at the National Veterinary Research negative control × 100. The S/P values negative control below and equal to 50% were considered negative, S/P value above 60% -positive, and the S/P value between 50% and 60% -doubtful. The sensitivity and specificity of the test for bovine, ovine, and caprine sera against virus neutralisation test declared by the manufacturer were 100% and 99.25%, respectively.
The positive results were confirmed by ID Screen Schmallenberg Virus Competition Multi-Species (IDvet, France), which uses the same viral N antigen as the above mentioned test and the specific monoclonal antibodies, which bind competitively to the antigen. For each sample, the S/N percentage was calculated as follows: O.D. sample/O.D. negative control × 100. The samples presenting a S/N value less than or equal to 40% were considered positive, greater than 40% and less than or equal to 50% were considered doubtful, and greater than 50% were negative. Sensitivity and specificity of the assay tested for bovine, ovine, and caprine serum samples, declared by the manufacturer was 97.6% and 100% respectively. Both tests were performed according to the manufacturer's instruction. STATA version 11 software (StataCorp., USA) was used in the statistical analysis and graphs design. The results were expressed as the mean values with 95% confidence interval (CI) calculated for binomial distribution using Wald estimation. The Kruskal-Wallis test was used to define the correlations between the percentage of seropositive animals and parameters, such as animal species, population type (farm or freeliving), province of origin, monthly vector activity. The relationship between age and seropositive results was studied using Mann-Whitney test. The significant differences (P < 0.05) were described in the value of χ 2 , in number of degrees of freedom (df), and the probability value (P).
Results
Out of 1813 samples, 203 (11.1%; 95% CI 9.7 -12.6) reacted positively in both ELISAs used for the detection of SBV specific antibodies.
Association between SBV seroprevalence and month. No antibodies against SBV were found in the serum samples collected between January 2010 and August 2012 (n = 186) ( Table 1) .
Four seropositive sheep (two from Lubuskie and two from Lubelskie provinces), detected in August 2012, which represented 1.6% (95% CI 0.9-2.6) of individuals tested in this month, were the first seropositive animals. Then, the percentage of seropositivity increased quite rapidly. In December 2012, already 57.1% (95% CI 36.5-75.5) of the ruminants tested, including some animals from the eastern provinces, had specific antibodies. During the winter months, the seroprevalence remained at the similar level, and then it began to increase again in the spring of 2013 (Fig. 1.) .
Association between SBV seroprevalence and province of origin. The overall percentage of seropositive animals increased tenfold from 3.4% (95% CI 24.1-43.9) in 2012 to 34.2% (95% CI 29.9-38.7) in 2013, which was significantly expressed at the province level ( Table 2 Association between ELISA value and year. A significant increase in the proportion of seroconverted animals between 2012 and 2013 is also well illustrated by the graphs of the S/P values (Fig. 3) . In 2012, only a few samples reached optical density values above the cut off in the ELISA, and were considered positive, whereas in the next year higher numbers of animals obtained much higher S/P values (the second peak appeared at the graph) (Fig. 3) .
Association between SBV seroprevalence and vector activity. The relation between the percentage of SBV seropositive animals and the activity of Culicoides spp. was statistically significant (χ 2 =104.2; 8df; P = 0.0001) (Fig. 4) . A sudden increase in SBV seroprevalence from August until December 2012 was positively associated with the midges activity in 2012, despite the shift between the two charts. In the winter, when Culicoides spp. activity decreased, the percentage of seropositive remained stable ranging from 32. Association between SBV seroprevalence and ruminant species. Considering the total number of samples tested, the highest percentage of seropositivity was observed in cattle (37.7%; 95% CI 29.5-42.8), then in European bison (36.1%; 95% CI 28.7-50.2), while the lowest -in goats (3.1%; 95% CI 0.1-7.2) and in sheep (2%; 95% CI 0-4.2) ( Table 3) . Differences in the proportion of seropositive ruminants according to species were statistically significant in 2012 (χ2 = 136.9; 6df, P = 0.0001) and in 2013 (χ2 = 42.1; 4df, P = 0.0001). The association between seroprevalence and type of the population (free-living or farm) was significant in 2012 (χ2 = 229.6; 1df, P > 0.001), but insignificant in 2013 (χ2 = 1.4, 1df, P = 0.23). In 2013, the percentages of SBV seropositive free-ranging (26.9%; 95% CI 15.8-39.1) and farm (35.6%; 95% CI 27.3-45.6) animals were very similar; however, when all ruminants sampled after August 2012 (after the first detection of antibodies) were considered, the seroprevalence of free-living European bison and deer was significantly higher than in domestic animals. . The solid black curve represents the Gaussian estimator of kernel density. The results were interpreted as follows: S/P value ≤50% was considered seronegative, S/P > 60% positive (the cut-off value determined by the greed solid line), and the S/P value between 50% and 60% doubtful (marked by dotted area) according to the manufacturer's protocol (12) . SBV have spread in Europe faster that BTV-8, despite that the geographic areas of the primary outbreaks overlapped. Within four months after detection of the first seropositive animals in August 2012, the proportion of seropositive animal reached 57.1%. Rapid SBV transmission across the country suggested that the transport of potentially infected animals may have played a greater role than the midges movements only, even accelerated by the wind. Due to the lack of epizootic restrictions on the trade and transport of SBV infected animals inside of the European Union, SBV spread might have been facilitated by import of ruminants from Western European countries into Eastern neighbouring countries. Despite the fact that Poland is often only a transit country, the rest of the areas are located on our territory or close to our borders (Veterinary Officer personal communication), and the imported animals may be the source of infection for our ruminants. Such situation was observed in Bialowieza National Park (Podlaskie province) where up to 100% of European bison have remained SBV seropositive since November 2012 (13) . Additionally, the involvement of wildlife as the important reservoirs of SBV needs to be considered when analysing the risk of SBV infection for domestic livestock (22) .
The highest seroprevalences in Dolnoslaskie (92.3%) and Zachodniopomorskie provinces (80.9%) in 2013 may be explained by the proximity of SBV primary outbreaks in Europe, while high percentage in Podlaskie (82.3%) neighbouring with the Eastern border may be related to the animal transit stops located nearby. In addition, a relatively high percentage of seropositive red deer found in the Lubelskie province (38%) (not shown) may suggest the recent SBV outbreaks somewhere at the border areas of Belarus and Ukraine. However, these countries have not reported cases of SBV yet. High variation in geographical seroprevalence, that was also revealed in other studies (10, 20) , suggests that the movement of SBV infected animals might have been the key factor of virus transmission. If the virus spreads only by the insects, a more even distribution of SBV infections and/or their greater concentration around the wetland areas, where the conditions for the habitat and reproduction of the midges are optimal, could be expected.
The first peak of SBV seroprevalence observed in the winter 2012 was shifted with respect to the peak of midges activity, probably due to the later transmission of SBV into the country in late summer, as suggested by this and previous study (13, 15) . Using quantitative methods like ELISA, it should be also remembered that the observed seroprevalence does not indicate seroconversion at the time of testing. SBV antibodies appear 10-21 d after infection (11, 26) . The half-life of SBV antibodies and their ability to neutralise the virus remain uncertain, except for the seropositive cattle, which is resistant to reinfection for at least eight weeks (24) . Similarly to other European countries (6, 21, 25) , SBV was able to overwinter in Poland without the active vector. Two possible explanations should be considered including the SBV sylvatic cycle in which the virus is transmitted among the wildlife reservoirs (3, 5, 13, 22) , and the survival of the virus in the midge population (25) . The latter explained by the possible transovarial transmission of SBV in Culicoides spp. has been proven previously (14) . Possibly, some biting midges hibernate inside the farm buildings during the winter in the form of eggs. After the hatching and metamorphosis, the mature females begin to feed in early spring causing the reactivation of the virus and the emergence of further SBV outbreaks at the area (25) . Comparable percentage of seropositive animals among farm and free-living ruminants may indicate similar susceptibility to SBV infection. Nevertheless, the seroprevalence in the wild ruminants was higher at the beginning of SBV epidemic in Poland, which again suggests that wildlife are important reservoirs of SBV (3, 13, 22) .
The overall SBV seroprevalence in 2012 and 2013 was significantly lower than the prevalence observed in Western European countries, which suggests that Poland is still at the risk of SBV spread, and the occurrence of malformation in the SBV infected neonates might have been expected again in the second semester of 2013 and in 2014. Interestingly, the SBV seroprevalence was higher in the larger ruminants such as cattle and European bison in comparison to the small ruminants. Similar observations were made for other serosurveys. In Belgium, the percentages of seropositive cattle reached 90.8% (for 519 animals tested) (8) and 99.76% (N = 11 635) (19) and in France up to 79% (N = 1715) (7). The seroprevalence reported at the same time in sheep and goats differed significantly. For example, SBV seroprevalence in small ruminants did not exceed 58.7% (N = 1760) and 43.8% (N = 500) in Germany (10) . In Greece, the difference between the percentages of seropositive samples from cattle (64.45%, N = 90) and sheep (5.3%, N = 19) also was significant (2) . British study has also shown rather low seropositivity in 10 sheep flocks investigated (20) . No seropositive ewes were found in some flocks despite confirmation of SBV infection in the lambs originating from the same flocks and grazing close to seropositive cattle farms (20) . In the Netherlands, the seroprevalence varied depending on the production type with 98.5%, 63.4%, 89.5%, and 50.8% of seropositive animals among beef cattle (N = 1347), dairy cattle (N = 3030), sheep (N = 2833), and goats (N = 1548), respectively (23) . While SBV infection in small ruminants has serious consequences for reproduction, in cattle it can remain subclinical with no or just a few clinical cases in the newborns. However, the observed differences between seroprevalence in cattle and small ruminants are probably not related to the species-specific susceptibility to SBV infection, but rather to the differences in vector exposure factors. Because of the serious implications for sheep and goats breeding (4), more careful and effective prevention methods and control measures implemented might have resulted in a lower seroprevalence in small ruminants (20) . Additionally, some studies have shown that Culicoides spp. prefer feeding on cattle than on other ruminants.
According to Ninio et al. (21) , the alimentary tract of biting midges contained 54% of bovine blood and only 4% of sheep blood. This was also confirmed by Lassen et al. (17) , who studied midges in four different areas where various ruminant species were reared. Blood-fed Culicoides abdomens contained 77% of cattle, 4% of goat, 0.8%-2.5% of deer, and 0.4% of sheep blood. The concentrations of midge-attracting gases secreted by ruminants, such as carbon dioxide and octenol, density of the hair coat, maintenance and type of bedding should be considered as important selective factors for SBV transmission (9, 10) . Meroc et al. (19) reported higher seroprevalence in the cattle over 2-year-old and suggested the connection with the longest exposure of this group for the insects bites. The differences in the seropositivity in various age groups can be also associated with the variation of the excretion of e.g. carbon dioxide, one of the strongest midge attractants (27) . In this study, however, there was no correlation between age of the animal and the presence of antibodies against the SBV, which is in agreement with other studies (6) . However, if SBV circulates for a longer period in Poland, the risk of exposure to infection is expected to be higher in older animals.
In summary, the proportion of SBV infected domestic and wild ruminants in Poland since August 2012 was associated with the date of testing and the geographical origin of the animals, as the main SBV infection risk factors were the number of viraemic animals in a given area and the presence of active SBV vector. The trade and animal transport of farm ruminants potentially infected with SBV might have increased the risk of the virus transmission. Especially the rapid Easter bound SBV spread in the autumn/winter 2012 suggests the carriage of virus infected animals by means of transport, rather than natural midge migration speed, even if intensified by wind or other favourable environmental conditions. The research on SBV distribution will be continued in Poland as it seems that SBV is going to circulate continuously, similarly to Akabane virus in Australia, remaining a threat to the health and production of farm and free-living ruminants in Europe.
